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Abstract: A significant number of the parameters of a gamma-ray burst (GRB) and its host galaxy are
calculated from the afterglow. There are various methods obtaining extinction values for the necessary
correction for galactic foreground. These are: galaxy counts, from HI 21 cm surveys, from spectroscopic
measurements and colors of nearby Galactic stars, or using extinction maps calculated from infrared sur-
veys towards the GRB. We demonstrate that AKARI Far-Infrared Surveyor sky surface brightness maps
are useful uncovering the fine structure of the galactic foreground of GRBs. Galactic cirrus structures of
a number of GRBs are calculated with a 2 arcminute resolution, and the results are compared to that of
other methods.
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1. INTRODUCTION
It is always a challenge to accurately estimate the
column density of the galactic foreground interstellar
medium in the direction of extragalactic sources. It is
also one of the important parameters when calculating
the physical parameters of gamma-ray burst (GRB) host
galaxies. We started an investigation of the infrared sky
brightness towards GRBs using AKARI Far-Infrared
Surveyor (AKARI FIS) of Kawada et al. (2007) all-sky
maps 1. Doi et al. (2015). GRBs are the most ener-
getic explosions in the Universe. A massive star under-
goes core collapse, or a double neutron star or a neutron
star and a black hole binary merges Woosley & Bloom
(2006). X-ray and optical afterglows can outshine the
brightest quasars. The redshift distribution of Swift
GRBs shows that these objects may provide information
up to high z values on: galaxy evolution, star formation
history, intergalactic medium, see eg. Gomboc (2012).
Most of the known physical parameters of the GRB and
the GRB host galaxy are calculated from the afterglow.
An estimate on the galactic foreground hydrogen column
density towards the GRB is part of the calculations. It
is based on galaxy counts and HI (Burstein & Heiles,
1982), HI surveys eg. the LAB survey Kalberla et al.
(2005), extinction maps calculated from infrared sur-
veys Schlegel et al. (1998) and Schlafly & Finkbeiner
(2011), or from spectroscopic measurements and colors
of nearby Galactic stars.
Corresponding author: L.V. To´th
1The sky maps can be retrieved from the data archive web site:
http://www.ir.isas.jaxa.jp/ASTRO-F/Observation/
2. ANALYSIS OF THE AKARI FIS ALL SKY SURVEY
IMAGES
Doi et al. (2012), and recently Doi et al. (2015) have
processed full sky images of the AKARI FIS at 65µm,
90µm, 140µm and 160µm. The images achieve a detec-
tion limit of < 10MJysr−1 with absolute and relative
photometric accuracies of < 20%. The spatial resolu-
tion of the survey is 1′. We substracted 30 by 30′ im-
ages centered on 283 GRBs with known redshifts used
by Horvath et al. (2014) in their analysis (see references
therein). We selected 30 images for a test of foreground
FIR emission, these were GRBs with associated FIR
extragalactic sources To´th et al. (2016) and GRBs as-
sociated to the large-scale Universal structure Hercules
Corona Borealis Great Wall at a redshift of z ≈ 2 by
Horvath et al. (2014).
The color temperature maps of the large grain emis-
sion were estimated using the 90µm, 140µm and 160µm
images. The maps were convolved to a 2′ resolution and,
for each pixel, the spectral energy distribution (SED)
was fitted with Bν(Tdust)ν
β with a fixed β=2.0 spectral
index. The column densities averaged over a 2′ beam
were calculated using the following equation with the
intensity and temperature values from the SED fits:
N(H) =
2Iν
Bν(T )κµmH
(1)
We used µ=2.33 for the particle mass per hydrogen
molecule and a dust opacity κ obtained from the for-
mula 0.1cm2/g (ν/1000 GHz)β .
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3. FIR FOREGROUND
3.1. The foreground galaxy of GRB 060117
ISM rich galaxies may have a size 2 times larger than
their apparent optical size when measured from HI
21 or FIR data. We looked for GRBs with associ-
ated AKARI galaxies from To´th et al. (2016) and se-
lected the 5 closest associations. The 90 µm images
have both a high spatial resolution 93 × 64” and a
high enough sensitivity to detect galaxies. One of the
fields, the one centered on GRB0601175 showed a fore-
ground galaxy 2-3 times more extended in FIR than
it’s NIR size of 0.8′ by 0.2′ Skrutskie et al. (2006).
GRB060117 is a ”long” type GRB with duration of
25 s (Campana et al., 2006) at a photometric redshift
of z = 0.98± 0.24 (Xiao & Schaefer, 2011). The bright
FIR object is 2MFGC16496 a flat galaxy as appears in
2MASS images (Mitronova et al., 2004) at z ≈ 0.0042
(Jones et al., 2009), i.e. it is clearly a foreground ob-
ject. In optical and NIR images the foreground galaxy
is relatively far from the GRB. Its galactic disk however
is rather extended and apparently increases the fore-
ground FIR sky brightness towards the GRB by approx-
imately 1MJysr−1. That emission by 2MFGC16496
may mislead us estimating the galactic FIR foreground,
unless it is carefully subtracted. See Figure 1 for the
AKARI FIS 90µm image of the 30×30′ surroundings
of GRB060117. The lowest contour is set at 3 times the
standard deviation over the minimum surface brightness
in the field.
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Figure 1. AKARI FIS 90µm image of GRB060117. Black
cross indicates the GRB’s position. The contour levels are
at 2, 3.1 and 4MJysr−1. The foreground galaxy west of
the position of GRB060117 is 2MFGC16496. The AKARI
90µm beam size is indicated in the lower right corner as a
white ellipse.
3.2. Structure of the Galactic foreground of GRBs in the
Hercules Corona Borealis Great Wall
Horvath et al. (2013) discovered a concentration of
1.6 < z < 2.1 GRBs in the Hercules-Corona Borealis re-
gion. Detailed statistical tests by Horvath et al. (2014)
indicate a significant clustering of those GRBs, that
is also called as ”the Hercules Corona Borealis Great
Wall”. This huge structure lies ten times farther away
than the Sloan Great Wall (Gott et al., 2005). The size
of the structure defined by these GRBs is about 2000-
3000Mpc, or more than six times the size of the Sloan
Great Wall or more than twice the size of the Huge Large
Quasar Group (Clowes et al., 2013).
We investigated the structure of galactic foreground
ISM of 24 GRBs all belong to the Hercules Corona Bo-
realis Great Wall. A constant color temperature in the
line of sight was estimated pixel-by-pixel using AKARI
FIS all sky survey 90, 140, 160µm images. We assumed
an emissivity of β = 2. The distribution of the hydrogen
column density N(H) was derived, as described in Sec-
tion 2. The galactic foreground cirrus structures show
a fluctuation on 3-4′ scale, sometimes with small chains
of knots in the whole column density range. In order
to test the accuracy of our column density estimates
based on lower angular resolution data, we calculated
the averages N¯(H)6 in a radius of 3
′ and N¯(H)30 for the
0.5×0.5′ surroundings of the GRBs. We compared the
calculated column density averages with the central col-
umn density (N(H)c) value towards the GRB. A linear
correlation was found for the 24 tested directions with
a relatively large scatter. The linear correlation coeffi-
cients were 0.57 and 0.28 for the N¯(H)6 vs. N(H)c and
the N(H)30 vs. N(H)c, respectively. In as many as 50%
of the directions the N¯(H)6−N(H)c difference was over
±30% of N(H)c GRBs, and for 40% the N¯(H)30 average
was more then 100% off.
The Planck Space Telescope (Tauber et al., 2010) ob-
served the sky in 9 frequency bands covering 30 -
857GHz. The Planck images at 545 and 857GHz
(550µm and 350µm respectively) have a spatial resolu-
tion of approximately 5′ (Planck Collaboration, 2011),
similarly to IRIS (Miville-Deschenes, M. & Lagache,
2005), the 100µm calibrated IRAS images. We com-
pared the AKARI based column density estimates with
estimates derived from IRIS 100µm, Planck 857GHz
and 575GHz images, and in general a good correlatio
nwas found. A more detailed analysis including the use
of the DustEM model (Compiegne et al., 2011) will be
given elsewhere.
3.3. Galactic foreground and the hydrogen column
density of the GRB host galaxies
We estimated the effect of the galactic foreground cor-
rection on the calculated hydrogen column density of
the GRB host galaxy N(H)host. We downloaded spec-
tra from the Swift-XRT GRB Catalogue2, and analyzed
2http://www.swift.ac.uk/xrt_live_cat/ maintained by the
UK Swift Science Data Centre (UKSSDC)
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those with Xspec3 (Arnaud, 1996). The Swift-XRT
spectral data provided by the UKSSDC is calibrated
and has the appropriate format for Xspec. We used ex-
actly the same model as in the automatic analysis of the
UKSSDC (Evans et al., 2009). Each spectra was fitted
with an absorbed power law with two absorbing com-
ponents. The first component takes the Galactic fore-
ground into consideration, and it is held fixed during
a fit, while the second component gives the absorption
due to the excess hydrogen column which is determined
by the fitting.
We selected test GRBs with a range of X-ray flux,
at different galactic latitudes (that means varying
N(H)foregr), and with a range of the initial values of
N(H)host. We altered the N(H)foregr foreground col-
umn density (±50%) and recalculated N(H)host. A 50%
increase or decrease of the assumed N(H)foregr resulted
in 15 to 35% change of N(H)host. We consider that as
a non-negligible difference.
4. CONCLUSIONS
Our tests indicate that a careful examination of the FIR
foreground may in one hand reveal foreground FIR ob-
jects, on the other hand a high resolution mapping of
the galactic cirrus foreground may significantly increase
the accuracy of the estimation of foreground extinction.
AKARI FIS sky survey images are the proper data for
that foreground analysis, that may serve as a basis for
a recalculation of GRB host parameters.
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